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ABSTRACT
Context. The assembly history experienced by the Milky Way is currently being unveiled thanks to the data provided the Gaia mission.
It is likely that the globular cluster system of our Galaxy has followed a similarly intricate formation path.
Aims. To unravel this formation path, we explore the link between the globular clusters and the hitherto known merging events that
the Milky Way has experienced.
Methods. To this end, we have combined the kinematic information provided by Gaia for almost all Galactic clusters, with the largest
sample of cluster ages available after carefully correcting for systematics. To identify clusters with a common origin we analysed their
dynamical properties, particularly in the space of integrals of motion.
Results. We have found that about 40% of the clusters likely formed in situ. A similarly large fraction, 35%, can be associated to the
merger events, in particular to Gaia-Enceladus (19%), the Sagittarius dwarf galaxy (5%), the progenitor of the Helmi streams (6%)
and to the Sequoia galaxy (5%), although some uncertainty remains due to some degree of overlap in their dynamical characteristics.
Of the remaining clusters, 16% are tentatively associated to a group with high-binding energy, while the rest are all on loosely bound
orbits and likely have a more heterogeneous origin. The resulting age-metallicity relations are remarkably tight and differ in their
detailed properties depending on the progenitor, providing further confidence on the associations made.
Conclusions. We provide a table listing the associations found which highlights the progress made in sorting out the assembly history
of the Galactic globular clusters. Improved kinematic data by future Gaia data releases and especially a larger, systematic-free sample
of cluster ages would help to further pin down this history.
Key words. (Galaxy:) globular clusters: general – Galaxy: kinematics and dynamics – Galaxies: dwarf – Galaxy: formation – Galaxy:
evolution
1. Introduction
According to the ΛCDM cosmological paradigm, structure for-
mation proceeds bottom-up, as small structures merge together
to build-up the larger galaxies we observe today. The Milky Way
is a prime example of this formation mechanism, as demon-
strated first by the discovery of the Sagittarius dwarf spheroidal
galaxy in the process of disruption (Ibata et al. 1994), halo stellar
streams crossing the Solar neighbourhood (Helmi et al. 1999),
and more recently by the discovery of stellar debris from Gaia-
Enceladus, revealing the last significant merger experienced by
our Galaxy (Helmi et al. 2018, see also Belokurov et al. 2018).
As a natural result of such events, not only field stars but also
globular clusters (GCs) may have been accreted (Peñarrubia et
al. 2009). Starting with Searle & Zinn (1978) there has been a
quest to understand which of the approximately 150 GCs hosted
by the Galaxy actually formed in situ and which in different pro-
genitors that were only later accreted. Recently, the availabil-
ity of precise relative ages (with formal errors of . 1 Gyr, e.g.
Marín-Franch et al. 2009; VandenBerg et al. 2013) and homo-
geneous metallicity measurements (Carretta et al. 2009) led to
the discovery that the age-metallicity relation (AMR) of galactic
GCs is bifurcated (Marín-Franch et al. 2009; Forbes & Bridges
2010; Leaman et al. 2013). Limited kinematic information (e.g.
Dinescu et al. 1997, 1999; Massari et al. 2013), nonetheless
helped revealing that the metal-poor branch of young GCs have
halo-like kinematics (and hence more likely to be accreted),
whereas GCs in the young and metal-rich branch have disk-like
kinematics, and are consistent with having formed in situ.
With the advent of the second data release (DR2) of the Gaia
mission (Gaia Collaboration et al. 2018), we are now in the priv-
ileged position of having for the first time full 6-dimensional
phase space information for almost all of the Galactic GCs (Gaia
Collaboration et al. 2018; Vasiliev 2019a). Therefore, this is the
perfect time to revisit the origin of the Galactic GC system. The
goal of this Letter is to use this information to provide a more
complete picture on which GC formed outside our Galaxy and
in which progenitor (among those currently known or yet to be
discovered). The main result of this analysis is given in Table .1,
which lists all the Galactic GCs and their associated progenitors.
2. The dataset: dynamical properties, ages and
metallicities
We have put together a dataset with full 6D phase-space infor-
mation of Galactic GCs known. We started with the 75 GCs
analysed by Gaia Collaboration et al. (2018), who combined the
Gaia measured proper motions with distances and line-of-sight
velocities available from the compilation by Harris (1996, 2010
edition). We then added the data for the remaining GCs from
Vasiliev (2019a), who determined the 6D coordinates combin-
ing Gaia measurements with line-of-sight velocities also from
Baumgardt et al. (2019).
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The kinematics of the resulting catalogue of 151 clusters
were transformed to the Galactocentric reference frame using
the Local Standard of Rest coordinates VLSR = 232.8 km/s,
R0 = 8.2 (McMillan 2017), and solar motion (U,V,W) =
(11.1, 12.24, 7.25) km/s (Schönrich et al. 2010). We have used
the AGAMA package (Vasiliev 2019b) with the McMillan (2017)
potential to compute the GCs orbital parameters like the apocen-
ter (apo), maximum height from the disk (Zmax) and eccentricity
(ecc). We have also computed the orbital circularity as circ =
LZ/LZ,circ, where LZ,circ is the angular momentum of a circular
orbit with cluster’s energy, which thus takes extreme values +/-1
for co-planar circular prograde/retrograde orbits respectively.
Many methods have been applied to determine the absolute
age of a GC. Photometric errors, poor calibration and uncer-
tainties on the cluster distance and reddening however, can af-
fect such age estimates. To overcome these, it has often been
preferred to determine relative ages (e.g. Buonanno et al. 1989;
Bono et al. 2010; Massari et al. 2016), although these then need
to be calibrated to some absolute scale (e.g. Marín-Franch et al.
2009). This explains why available age compilations of GCs in
the literature are so heterogeneous, and therefore dangerous to
blindly combine together as different methods can result in sys-
tematic differences that amount to several Gyr.
In this work we study the AMR for a sub-sample of GCs that
has a homogeneous set of ages and metallicities. This sample
includes the catalogue by VandenBerg et al. (2013), who pro-
vide absolute ages and uncertainty for 55 GCs, and objects from
the compilation by Forbes & Bridges (2010) who gathered rela-
tive age estimates from Salaris & Weiss (1998); De Angeli et al.
(2005); Marín-Franch et al. (2009), which we add after checking
for systematic offsets with respect to VandenBerg et al. (2013).
Fig. 1 highlights the need for care when combining datat-
sets. The top panel shows the difference in metallity between the
VandenBerg et al. (2013) estimates based on the spectroscopic
scale of Carretta et al. (2009), in comparison to those of Forbes
& Bridges (2010). This difference is constant for [Fe/H]. −1.1,
above which it rises steeply with metallicity to about +0.5 dex.
The bottom panel of Fig. 1 shows the effect of this trend on
age, namely that the clusters with [Fe/H] & −1.1 (red sym-
bols) appear to be systematically older by ∼ 2 Gyr. When ex-
cluding these clusters, the mean difference between the age es-
timates is ∆t = 0.08 Gyr, with a spread of σt=0.75 Gyr (r.m.s
= 0.14 Gyr), and thus fairly consistent with zero. Therefore, we
only consider clusters from the Forbes & Bridges (2010) sample
with [Fe/H] . −1.1, and assign an uncertainty to their age esti-
mates (which lack errors) that equals the observed spread around
the mean difference (σt = 0.75 Gyr). As for metallicities, we
adopted the scale from Carretta et al. (2009).
We also studied the estimates reported in Rosenberg et al.
(1999); Dotter et al. (2010, 2011); Roediger et al. (2014), but
found either poorly constrained values (with ages as old as 15
Gyr and very large uncertainties), or no new entries. Moreover,
we decided not to include age estimates performed on single ob-
jects because of the impossibility of having systematic effects
under control. The only exception is NGC5634, estimated to be
as old as NGC4372 by Bellazzini et al. (2002), and for which we
used NGC4372 age estimate by VandenBerg et al. (2013). Our
final sample thus consists of 69 GCs with ages and metallicities.
3. Assignment of clusters
Fig. 2 shows the AMR for the clusters in our sample, colour-
coded according to various dynamical properties, namely apo,
Fig. 1. Comparison between the age and metallicity for the GC lists of
VandenBerg et al. (2013) and Forbes & Bridges (2010).
circ, Zmax and ecc. It is immediately clear that the clusters lo-
cated on the young and metal-rich branch of the AMR are dy-
namically different from those on the young and metal-poor
branch. Young and metal-rich GCs typically do not reach high
altitudes above the Galactic plane (Zmax), have smaller apocen-
tres and tend to have lower eccentricities. As already recognised
in the literature (e.g. Leaman et al. 2013), these are the clusters
formed in-situ, either in the disk or in the bulge, in what we here-
after call theMain Progenitor. For the first time we can recognise
from Fig. 2, some old metal-poor GCs with the orbital properties
characteristic of the young metal-rich branch, which thus would
also belong to the Main Progenitor.
3.1. In situ clusters
Based on the above findings, we provide simple criteria to define
Main Progenitor clusters now for the full dynamical sample:
– Bulge clusters: those placed on highly bound orbits (with
apo < 3.5 kpc). There are 36 GCs selected in this way1.
– Disk clusters satisfy: i) Zmax < 5 kpc and ii) circ > 0.5.
The vast majority of these clusters tend to describe an AMR
qualitatively similar to that found by Leaman et al. (2013),
except for two clusters located on the young and metal-poor
branch (NGC6235 and NGC6254). These clusters dynamical
parameters are in the extremes of those characteristic of the
Main Progenitor, and thus we exclude them. This leaves a
total of 26 Disk clusters.
Note that for [Fe/H] < −1.5, Main Progenitor clusters are older
than the average. The 62 clusters associated to the Main Progen-
itor are listed in Table .1 as Main-Disk (M-D) or Main-Bulge
(M-B).
1 Nuclear clusters of dwarf galaxies accreted long ago could also end
up on bulge-like orbits due to dynamical friction. The current uncer-
tainty on bulge GCs proper motions (they are typically highly extincted
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Fig. 2. AMRs for the sample of 69 GCs, colour-coded according to their dynamical properties. Note that clusters on the young metal-rich branch
share similar dynamical properties (in red), and that clusters with these characteristics are also present for low metallicities and are typically older.
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Fig. 3. Two projections of IOM space for the 151 GCs in our sample, colour-coded according to their associations with different progenitors (blue
symbols mark the Main Progenitor, red is for Gaia-Enceladus, green for Sagittarius, orange for the progenitor of the Helmi streams, brown for
Sequoia, pink for the low-energy group and cyan for the high-energy group). For visualisation purposes, 2 clusters (Crater and E1) with extremely
negative LZ have not been plotted. Empty symbols correspond to tentative associations. The two star symbols mark the young and metal-poor
clusters excluded by the Disk selection.
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3.2. Accreted clusters
We now analyse the remaining clusters looking for a common
association with the progenitors of known merger events experi-
enced by the Milky Way. To do so, we investigate the integrals of
motion (IOM) space defined by E, LZ and Lperp, the latter being
the angular momentum component perpendicular to LZ , which
despite not being fully conserved in an axisymmetric potential
like that of the Milky Way, still helps in discriminating groups of
stars (or clusters) with similar origin (Helmi & de Zeeuw 2000).
3.2.1. The Sagittarius dwarf spheroidal galaxy
The Sagittarius dwarf spheroidal galaxy constituted the first dis-
covery of a merger with the Galaxy (Ibata et al. 1994). By ex-
ploiting numerical models that reproduce well the position and
radial velocity of stars belonging to the Sagittarius streams, Law
& Majewski (2010) provided a list of candidate GCs that could
have been associated to the dwarf. This list has been recently
refined by adding the information on their proper motions as
measured from HST and Gaia observations (Massari et al. 2017;
Sohn et al. 2018), and currently includes 6 GCs, namely M54,
Arp 2, Pal 12, Terzan 7, Terzan 8 and NGC2419.
These 6 clusters describe a well-defined sub-group in IOM
space: i) 3700 < Lperp < 6200 km/s kpc and ii) 0 < LZ <
3000 km/s kpc, as seen in Fig. 3. Two more clusters are found in
this region of IOM space: NGC5824 and Whiting 1, which had
previously been tentatively associated with the dwarf by Bellazz-
ini et al. (2003) and Law & Majewski (2010), respectively.
3.2.2. The progenitor of the Helmi streams
Recently Koppelman et al. (2019) using Gaia data have char-
acterised the progenitor of the Helmi streams (hereafter H99,
Helmi et al. 1999). According to these authors and based on
their dynamical properties, they associated to this object 7 GCs,
shown in orange in Fig. 3. Interestingly these 7 clusters were
shown to follow a tight and low-normalisation AMR.
To find additional members, we started from the dynami-
cal criteria suggested in their work, and explored the location
of the selection boundaries while requiring consistency with the
AMR. The following criteria: i) 350 < LZ < 3000 km/s kpc, ii)
1000 < Lperp < 3200 km/s kpc and iii) E < −1.0 × 105 km2/s2
seem to be the most appropriate. Allowing for lower values of
LZ leads to the inclusion of very old clusters (not consistent with
the AMR of the core members) whereas increasing the upper
limit leads to including two disk clusters lacking an age estimate
(Pal 1 and BH 176). Increasing the E limit would mean includ-
ing a cluster with apo >100 kpc, whereas the typical value for
the core members is ∼ 30 kpc. Finally, the limits on Lperp are
given by Sagittarius clusters on one side, and by the consistency
with the AMR on the other.
Out of the 10 GCs associated to H99 according to the above
criteria, there is no age information for 3: Rup 106, E3 and Pal 5,
and hence we consider them “tentative members” (orange open
symbols in Fig. 3). Note that Pal 5 and E3 have the lowest ecc
(∼ 0.2) in the set, with E3 having the lowest Zmax (∼ 7 kpc), and
Rup 106 the largest apo (∼ 34 kpc). Also in comparison to the
H99 stars (see Koppelman et al. 2019, for details), E3 and Pal 5
have more extreme orbital properties, with Rup 106 being on a
and only few stars are detected by Gaia), and the lack of an age estimate
for most of them, prevent us from investigating this possibility.
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Fig. 4. IOM for halo stars (white dots), Galactic disc stars (coloured
contours) and our sample of GCs (white filled circles). The red box
corresponds to the location of the stellar debris of G-E (Helmi et al.
2018), and is therefore used to select G-E clusters.
looser orbit. However this does not preclude membership since
GCs are expected to be less bound than the stars.
3.2.3. Gaia-Enceladus
To look for GCs associated to Gaia-Enceladus (G-E hereafter,
Helmi et al. 2018), we directly compare the distribution in IOM
space of GCs to that of field stars with 6D kinematics from Gaia,
as shown in Fig. 4.
Based on this comparison, we associate clusters to G-E ac-
cording to the following criteria: i) −800 < LZ < 620 km/s kpc,
ii) −1.86 × 105 < E < −0.9 × 105 km2/s2 and iii) Lperp <
3500 km/s kpc. This selection associates 28 GCs to G-E. The re-
sulting AMR is remarkably tight (see below), and this tightness
can be used to explore the energy boundaries. By decreasing the
lower limit of E, a very old globular cluster enters the selection
which is significantly off the AMR described by the other mem-
bers2. Moving the upper limit to E = −1.1×105 km2/s2 excludes
Pal 2 and Pal 15, which we thus consider to be “tentative” mem-
bers (open symbols in Fig. 3).
Two clusters (NGC5904 and NGC5634) lie near the region
occupied by H99 debris. They have ecc ∼ 0.8, and their Zmax and
apo are somewhat larger but not inconsistent with those typical
of G-E clusters. While NGC5634 has no age estimate, NGC5904
age (11.5 Gyr old), is consistent with both the AMRs. We thus
consider them as tentative members to both progenitors.
One last point of attention is the overdensity of stars seen in
Fig. 4 at LZ ∼ −3000 km/s kpc and E ∼ −105 km2/s2, which
has been associated to G-E by Helmi et al. (2018) because of
its resemblance to a feature seen in numerical simulations of a
merger event with similar characteristics to G-E (Villalobos &
Helmi 2008). Two GCs (NGC3201 and NGC6101) are located
in this region of IOM space, and hence we mark them as tentative
members but discuss them further in the next section.
2 This energy limit is slightly lower than that used by Myeong et al.
(2018a, who adopt the same Galactic potential as ours) to define the
clusters belonging to the progenitor of the same accretion event, that
they call Gaia-Sausage (see also Belokurov et al. 2018).
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With our selection criteria, ω-Cen3 is the cluster with the
highest binding energy among those associated to G-E. This fits
well the idea that this cluster is in reality the remnant of the nu-
clear star cluster of an accreted dwarf (e.g. Bekki & Freeman
2003) as suggested by its peculiar chemistry.
After these considerations, we are left with 26 possible mem-
bers of G-E (and 6 tentative ones). Although this number is large,
it is consistent within the scatter with the relation between the
number of GC and host halo mass (van Dokkum et al. 2017),
given the mass estimate of 6×1010 M from Helmi et al. (2018).
3.2.4. Sequoia
Recently, Myeong et al. (2019) have proposed the existence of
merger debris from a galaxy, named Sequoia, that would have
been accreted about 9 Gyr ago. Based on clustering algorithms
performed over a scaled action space, these authors found 5 GCs
likely associated to this system. We find 7 GCs to be possi-
bly associated when considering a selection box in E and LZ
corresponding to the stars from Sequoia according to Myeong
et al. (2019), namely −3700 < LZ < −850 km/s kpc and
−1.5 × 105 < E < −0.7 × 105 km2/s2. Three of these GCs are
in common, namely FSR1758, NGC3201 and NGC6101. The
other four (IC4499, NGC5466, NGC7006 and Pal 13) were ex-
cluded by Myeong et al. because of their slightly larger eccen-
tricity (〈ecc〉 ∼ 0.75, compared to their initial estimate of ∼ 0.6).
Three clusters have known ages and these follow a low normal-
isation AMR similar to the H99 GCs, which is consistent with
the low stellar mass estimated for Sequoia (Myeong et al. 2019).
As mentioned earlier, the Sequioa IOM selection has some
overlap with the arch-like overdensity ascribed to G-E debris by
Helmi et al. (2018). This makes it difficult to discern which is the
actual progenitor of NGC3201 and NGC6101, which is why in
Table .1 we link them to both systems. Nonetheless, there may
be a slight preference for Sequoia given their ages and metallici-
ties. On the other hand, Myeong et al. (2019) have associated ω-
Cen and NGC6535 to Sequoia, because of their location in IOM
space. However, these two GCs follow a much higher AMR, typ-
ical of clusters from more massive progenitors. For this reason,
we prioritise the association of ω-Cen to G-E and of NGC6535
to one of the groups described next.
3.2.5. The remaining clusters
We have not been able to associate 36 GCs out of the 151 GC
with full phase-space information to known merger events. By
looking at their distribution in the IOM space (Fig. 3), it is clear
that at least a fair fraction of them (25) define a structure at low
energy, with E < −1.86 × 105 km2/s2, low Lperp and with LZ ∼
0 km/s kpc (pink symbols in Fig. 3), and which we term L-E.
The remaining 11 GCs all have high energy (E > −1.5× 105
km2/s2, in cyan in Fig. 3), but span a very large range in LZ and
Lperp. Therefore they cannot have a common origin. Most likely
instead, they have been accreted from different low-mass pro-
genitors which have not contributed debris (field stars) to the So-
lar vicinity (as otherwise we would have identified correspond-
ing overdensities in Fig. 4). For convenience, we use a single
label for all these objects (H-E, for high energy) in Table 1. Up-
coming datasets, especially of field stars with full phase-space
information across the Galaxy, could be key to understanding
their origin.
3 for which we used the metallicity of the most metal-poor and oldest
population, see Pancino et al. 2000; Bellini et al. 2017.
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Fig. 5. AMRs for the 69 GCs with age estimates, colour-coded as in
Fig.3. The corresponding progenitors are marked in the labels. In the
AMR for Main Progenitor clusters (upper-left panel), diamonds repre-
sents bulge clusters while circles describe disk clusters. The two red-
circled black symbols are the two clusters that satisfy the disk member-
ship criteria but that are excluded because they are near the boundary of
the respective IOM region and their location in the AMR.
3.3. AMR
The various panels in Fig. 5 show the AMR of the clusters asso-
ciated to the different structures discussed so far, colour-coded
as in Fig. 3. Since the identification of associations of GCs was
largely dynamical, it is quite remarkable that the resulting AMRs
are all well-defined and depict different shapes/amplitudes.
The clusters of the Main progenitor constitute the largest
group and have the highest normalisation, in other words the
most metal-poor oldest clusters were born in the Galaxy itself.
The G-E AMR is remarkably tight and has a high normalisation,
though as expected, this is not as high as that of the Main progen-
itor clusters. Similarly the L-E group depicts a reasonably coher-
ent AMR, with a high normalisation, which seems even higher
than that of G-E clusters, thus possibly suggesting the presence
of yet to be discovered merger debris located preferentially in
the Galactic bulge and originating in a more massive object. On
the other hand the AMR of the H99 members is remarkably low
in terms of normalisation, and this is consistent with the fact that
this progenitor is less massive (M? ∼ 108 M, Koppelman et al.
2019).
We can describe the various AMR with a leaky-box chemical
evolution model (Prantzos 2008; Leaman et al. 2013; Boecker et
al. 2019), where the metallicity of the system evolves as
Z(t) = −p ln µ(t) = −p ln t f − t
t f − ti for t ≥ ti, (1)
where µ(t) = Mg(t)/Mg(0) is the gas fraction, and p the (ef-
fective) yield. We have obtained this expression by assuming a
constant star formation rate starting at time ti after the Big Bang
and ending at time t f , which we take to be the time of accretion
(which is constrained by estimates in the literature and which we
took to range from 3.2 Gyr for Sequioa to 5.7 Gyr for Sagittar-
ius). For the yield p we assumed the dependence on M? derived
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by Dekel & Woo (2003) for star-forming dwarf galaxies (see
also Prantzos 2008). The time ti is a free parameter which we
varied for each progenitor to obtain a reasonable description of
the observed points. The only constrain we put is that more mas-
sive progenitors should start forming stars earlier, which led to
ti values in the range of 0.5 Gyr (for the Main progenitor) to 1.1
Gyr (for Sequioa). The resulting curves for each progenitor are
shown in the panels of Fig. 5 with green solid lines. We stress
that these curves do not represent fits, but merely show that a
simple leaky box chemical evolution model is reasonably ade-
quate to describe the age-metallicity relations found for each set
of clusters associated to the individual progenitors.
4. Summary and Conclusions
In this Letter we exploited the complete kinematic information
for 151 Galactic GCs, in combination with metallicity and ho-
mogeneous age estimates for a subset of 69 GCs. Our goal was
to establish which GC formed in situ and which were accreted,
associating the latter to a particular progenitor based on their dy-
namical properties and, where needed, on the shape of the AMR.
We found that 62 GC likely formed in the Milky Way, and
we separated them into disk and bulge clusters based on their
orbital parameters. Among the accreted clusters, we assessed
their possible associations with the progenitor of four known
merger events: Gaia-Enceladus, the Sagittarius dwarf, the Helmi
streams and the Sequoia galaxy. We identified ∼ 26 (and an
additional 6 tentative) GCs associated to Gaia-Enceladus. This
large number as well as the high normalisation of their AMR are
consistent with Gaia-Enceladus being the most massive among
these four objects. According to our findings, ω-Centauri would
be its nuclear star cluster. We further identified 8 clusters as-
sociated with the Sagittarius dwarf, possibly 10 clusters to the
progenitor of the Helmi streams and a plausible 7 to Sequoia.
Despite not being very populated, the AMRs of these two groups
are consistent with the lower literature estimates for their mass.
There is an inherent uncertainty to these assignments, because
debris from different progenitors may partly overlap in IOM
space, and this is likely the case for Sequoia and G-E, and to
a lesser degree for G-E and H99.
The remaining 36 clusters could be split in two groups based
on orbital energy. While the class of GCs with low binding en-
ergy is very heterogeneous and likely has several sites of origin,
the low energy (highly-bound) group with 25 tentative members
is quite clustered in its dynamical properties and shows a reason-
ably tight and high-normalisation AMR, possibly suggesting the
presence of debris towards the Galactic bulge from a hitherto un-
known large galaxy. Note that this is unlikely to be the proposed
Kraken (Kruijssen et al. 2019), since there are only three clusters
in common. In fact Kraken’s clusters are not dynamically coher-
ent, since 3 are in common with the H99 GCs, 7 with G-E’s, 2
with Sequoia’s and 1 with the Main Progenitor. Therefore, the
reality of Kraken (which was assessed based only on the proper-
ties of the AMR by Kruijssen et al. 2019) has to be questioned.
Our work demonstrates that considering the dynamical proper-
ties is fundamental to establish the origin of the different GCs of
our Galaxy.
The next data release of the Gaia mission will provide im-
proved astrometry and photometry for all the GCs, as well as for
a much larger sample halo stars. This will be crucial to achieve a
complete and accurate sample of GCs absolute ages. Moreover
it will lead to a better understanding of the debris of the known
progenitors, and possibly to the discovery of new ones. The com-
bination of these factors will result in significant progress in the
field and allow to better pin down tentative associations and pos-
sibly also to assess under which conditions the different clusters
formed, such as for example, whether prior to or during the dif-
ferent merger events.
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Table .1. List of Galactic GCs and associated progenitors. M-D stands for Main-Disk; M-B stands for Main-Bulge; G-E stands for Gaia-Enceladus;
Sag stands for Sagittarius dwarf; H99 stands for Helmi Streams; Seq stands for Sequoia galaxy; L-E stands for unassociated Low-Energy; H-E
stands for unassociated High-Energy. Finally XXX mark clusters with no available kinematics. Most of these are bulge GCs too extincted to be
observed by Gaia.
GC Progenitor GC Progenitor GC Progenitor GC Progenitor
NGC 104 M-D NGC 5927 M-D HP 1 M-B GLIMPSE 2 XXX
NGC 288 G-E NGC 5946 L-E NGC 6362 M-D NGC 6584 H-E
NGC 362 G-E BH 176 M-D Liller 1 XXX NGC 6624 M-B
Whiting 1 Sag NGC 5986 L-E NGC 6380 M-B NGC 6626 M-B
NGC 1261 G-E Lynga 7 M-D Terzan 1 M-B NGC 6638 M-B
Pal 1 M-D Pal 14 H-E Ton 2 L-E NGC 6637 M-B
AM 1 H-E NGC 6093 L-E NGC 6388 M-B NGC 6642 M-B
Eridanus H-E NGC 6121 L-E NGC 6402 L-E NGC 6652 M-B
Pal 2 G-E? NGC 6101 Seq/G-E NGC 6401 L-E NGC 6656 M-D
NGC 1851 G-E NGC 6144 L-E NGC 6397 M-D Pal 8 M-D
NGC 1904 G-E NGC 6139 L-E Pal 6 L-E NGC 6681 L-E
NGC 2298 G-E Terzan 3 M-D NGC 6426 H-E GLIMPSE 1 XXX
NGC 2419 Sag NGC 6171 M-B Djorg 1 G-E NGC 6712 L-E
Ko 2 XXX 1636-283 M-B Terzan 5 M-B NGC 6715 Sag
Pyxis H-E NGC 6205 G-E NGC 6440 M-B NGC 6717 M-B
NGC 2808 G-E NGC 6229 G-E NGC 6441 L-E NGC 6723 M-B
E 3 H99? NGC 6218 M-D Terzan 6 M-B NGC 6749 M-D
Pal 3 H-E FSR 1735 L-E NGC 6453 L-E NGC 6752 M-D
NGC 3201 Seq/G-E NGC 6235 G-E UKS 1 XXX NGC 6760 M-D
Pal 4 H-E NGC 6254 L-E NGC 6496 M-D NGC 6779 G-E
Ko 1 XXX NGC 6256 L-E Terzan 9 M-B Terzan 7 Sag
NGC 4147 G-E Pal 15 G-E? Djorg 2 M-B Pal 10 M-D
NGC 4372 M-D NGC 6266 M-B NGC 6517 L-E Arp 2 Sag
Rup 106 H99? NGC 6273 L-E Terzan10 G-E NGC 6809 L-E
NGC 4590 H99 NGC 6284 G-E NGC 6522 M-B Terzan 8 Sag
NGC 4833 G-E NGC 6287 L-E NGC 6535 L-E/Seq Pal 11 M-D
NGC 5024 H99 NGC 6293 M-B NGC 6528 M-B NGC 6838 M-D
NGC 5053 H99 NGC 6304 M-B NGC 6539 M-B NGC 6864 G-E
NGC 5139 G-E/Seq NGC 6316 M-B NGC 6540 M-B NGC 6934 H-E
NGC 5272 H99 NGC 6341 G-E NGC 6544 L-E NGC 6981 H99
NGC 5286 G-E NGC 6325 M-B NGC 6541 L-E NGC 7006 Seq
AM 4 XXX NGC 6333 L-E 2MS-GC01 XXX NGC 7078 M-D
NGC 5466 Seq NGC 6342 M-B ESO-SC06 G-E NGC 7089 G-E
NGC 5634 H99/G-E NGC 6356 M-D NGC 6553 M-B NGC 7099 G-E
NGC 5694 H-E NGC 6355 M-B 2MS-GC02 XXX Pal 12 Sag
IC 4499 Seq NGC 6352 M-D NGC 6558 M-B Pal 13 Seq
NGC 5824 Sag IC 1257 G-E IC 1276 M-D NGC 7492 G-E
Pal 5 H99? Terzan 2 M-B Terzan12 M-D Crater H-E
NGC 5897 G-E NGC 6366 M-D NGC 6569 M-B FSR 1716 M-D
NGC 5904 H99/G-E Terzan 4 M-B BH 261 M-B FSR 1758 Seq
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